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ABSTRACT 



An area machining method capable of generating tool pains 
with no insufficient cut portion. First, a part profile contour 
indicating a profile contour for area machining and various 
machining conditions such as tool radius, depth of cut and 
the like are preset Then the outmost offset contour and other 
subsequent offset contours are obtained, the outmost offset 
contour being offset along the part profile contour by an 
amount of the sum of a tool radius and finishing allowance, 
and the other subsequent offset contours being offset repeat- 
edly from the outmost offset contour in sequence by an 
amount of depth of cut in the inside direction. Next, contours 
of insufficient cut portions which are produced between 
adjacent offset contours are obtained. Subsequently, tool 
paths each of which connects between offset contours and 
between an offset contour and a corresponding insufficient 
cut portion contour are outputted. At this time, insufficient 
cut portion contours are added to tool paths by changing a 
tool path to an insufficient cut portion contour if the insuf- 
ficient cut portion contour is present near the current path 
while outputting an offset contour as a tool path. 
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co ntours each of whiclrte produced between cprjcesaojp ding 
adjacent offset contou rs, an^.ffl ^fa^ nirigjopl path s each of 
^tacri con^S' oetween' corresponding adjacent offset con- 
tours and between the corresponding offset contour and 
fficient cut portion contour with the shortest distance. 
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AREA MACHINING METHOD 

BACKGROUND OF THE INVENTION 
(1) Field of the Invention 

The present invention relates to an area machining 
method, and mom particularly, to an area machining metho d 
of removi ng ~ irpimfirrl th*^™^ ppf tin a workpiecc 
nhorohy ft fr? y p o*h ™thmt i^ffi^g ril t portion, can : he 

2) Description of the Related Art 
JJsinfi an automatic p ro graining apparatus, when a part 
file contour js specified and an area, flegired to be left 
uncut is defined in the form of an island, a program for area 
niaciiining to remove within the specified parJLnmfile j gon- 
^ur Ls^generatedJ ^S^ 'ftlrffl^L Whf>n rhic 

automatic programming apparatus generat es a tool path for 
c utting off a sp ecified arbitrary area in a workpiece r the too T 
p'Sthfo r]m5n |K& i s selectedas short as possible to reduce 
^elmachS n^Sffle" Typically! me length of a tool path can 
be decreased by increasing depth (IL jhlt However^ som e 
portions desired tpj be removed can bere ft unart fependin^ 

JneTHcg J jiUfi E the ^cTit^r^on"OT insufficient cut portion 
"occurs when_the_depth o f cuUiecomes larger than tool 
diameter, for example, such as when cutting at an acute - 
angled co rner. 

Conventionally, occurrence of such the insufficient cut 
portion is prevented by covering the area to be cut by the 30 
f adj ace nt tool paths thereof by decreasing an amount of depth 
of cut.~Memahvely» area mach^H"? ^ rameq out fosre*- 
garding occurrence of an insufficient cut portion, then the 
^p ortion left uncut as insufficient cut is manually removed 
later 

As mentioned above, heretofore, occurrence of the insuf- 
ficient cut has been dealt with by decreasing the depth of cut 
y>r by manually removing me insufficient cut portion later. 
'However, re duction of the depth of cut increases the lenffih 
of 4he Jpj>j,pajth,j^j jhe later ^^manuaf cutting of the msu f- 
firiga ^ art _ pc^ori"^7 So ^ tOT ^ ^^^proces'ses. 
Cpns^ue)Tdy^eitherjcas^ v t|iere, has i ]^,^d isadvanta^ e 
Ithatj^e^macMiy^gjime is i ncreased ! 

SUMMARY OF THE INVENTION 45 

The present invention aims to remedy the above disad- 
vantage and to provioVan area machining method generat- 
ing a tool path which will also remove an insufficient cut 
/portion when any insufficient cut is predicted to occur during 50 
( generation of a tool path for area machining by an automatic 
tmWM appar atus. 
To solve the above problem, there is provided in accor- 
dance with the present invention an area machining method 
f or rernovthg within a specihed ajbluaiy niba in a WQrft? 55 
piece) 'comprising the steps or setting a part pronie contour 
and various machining conditions, obtaining an outmost 
offset contour which i 5" uffs t u al o ng tliU p^t pYftflleLC^ritQu r 
J\f ?t. 1 ^°t ^aijLamount of iool radius in the inside direction^ 
and othe r offset contours which are sequentia ll y offset by an 60 
amount of* depth" ot 'cut in^ &Jggffijftij?^ 
c^tmosuokset^contour, obtajnji^ 



35 



40 



According to the procedure mentioned above, offset con- 
tours are obtained in accordance with a preset part profile 
contour and preset various machining conditions. Then, 
whether any insufficient cut portion is present between 
adjacent offset contours or not is determined. If present, then 
the contour of the insufficient cut portion is obtained. A tool 
path on which a tool moves is outputted sequentially as 
described below. That is, in principle, a too l traces each of 
the previously obtained ottserc6ntour as a tool path. How- 
ever, once the tool encounters an insufficient cut portion in 
course of the tracing, t he tool shifts the contour of the 
insufficient cut portion to use asthe tool pat h. When the 
insufficient cut portion contour ends, then the tool returns to 
the previous offset contour to use as the tool path. 

The above and other objects, features and advantages of ~ 
the present invention will become apparent from the fol- 
lowing description when taken in conjunction with the 
accompanying drawings which illustrate preferred embodi- 
ments of the present invention by way of example. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowchart illustrating an area machining 
method in accordance with the present invention; 

FIG. 2 is an illustrative drawing showing processes when 
offset contours are generated; 

FIG. 3 is a flowchart illustrating processes for generating 
offset contours in detail; 

FIG. 4 is an illustrative drawing to show processes when 
an insufficient cut portion is detected; 

FIG. 5 is an illustrative drawing to show a state when a 
contour of an insufficient cut portion is generated; 

FIG. 6 is a flowchart (No. 1) for illustrating processes. For 
generating an insufficient cut portion in detail; 

FIG. 7 is a flowchart (No. 2) for illustrating processes for 
generating an insufficient cut portion in detail; 

FIG. 8 is a flowchart illustrating processes for synthesiz- 
ing a contour in detail; 

FIG. 9 is an illustrative drawing to show a state when a 
tool path is obtained; 

FIG. 10 is a flowchart (No. 1) illustrating processes for 
outputting a tool path in detail; 

FIG. 11 is a flowchart (No. 2) illustrating processes for 
outputting a tool path in detail; and 

FIG. 12 is a block diagram of a hardware of an automatic 
programming apparatus for implementing the present inven- 
tion, 



DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

One embodiment of the present invention is described 
hereinafter in conjunction with the accompanying drawings. 

FIG. 1 is a flowchart illustrating an area machining 
method in accordance with the present invention. Referring 
to FIG. 1, according to an area machining method of 
generating a tool path for area machining operations, a part 
profile contour and various machining conditions are preset 
by means of an automatic programming apparatus (step SI). 
That is, a part profile contour representing a contour of an 
ar ea desired , to iB be removed Jtrom a workpiecc a n d variou s 
mae mmng conditions such as amounts of tool <n'arneter7 
depttTot xut, finishing allowance, and the like are preset nrsL 
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*fext, offset contours are generated (step S2). That is, the 
nost offset contour which is offset along the part profile 
ontour which is preset in ste p SI by an amount of the sum 
0 7 a tool radius a nd fini shing allowance *n >^r insifli» 
feection . Alter that, hrihe inside direction of the outmost 5 
[offset contour, respect ive offset contours are obtained by 
[r epeatedly offsetting bv the amount of depth of cut. 

^Then a contour oi an insufficient cut portion produced 
between adjacent offset contours is generated (step S3). In 
previous step S2, the respective offset contours are obtained 10 
J*y repeatedly offsetting by the amount of depth of cut An 
(insufficient cut portion is produced especially at an acute- 
\angled corner. Therefore, the insufficient cut portion pro- 
jduced at the corner is detected and the contours of the 
insufficient cut portion are obtained. J5 
„ Finally- aJool path along which a tool actually passes is 
ttputted (step S4). That is, a tool traces the offset contour 
'obtained in step S2 as a tool path and if the tool encounters 
>an insufficient cut portion in the c ourse of to^tracing^ t hen 
the to ols tufts.to.anaUr ac ^sj J ^ t he insnfljo i nnLait 20 

L portion obtained fa stqp ^g^yhen the contour of the 
insufficient cut portion ends, then the tool returns to use the 
/previous offset contour as the tool path. When the offset 
contour ends, then the tool s hifts Jj ajisea^e.a diacent^ffiset 
ontour as te Tool patS p su ch a way, a continuous tool 
□llipufieci!"" 1 

>lext, processes'alttJT geiterdUon^aK'otfs^conrours are 
described below in detail. FIG. 2 is an illustrative drawing 
showing processes during these offset contours are gener- 
ated. 30 

Referring to FIG. 2, reference numeral 1 indicates a 
yorkpiece on which the area machining is performed. Inside 
Df a part profile contour 2 indicated by dotted line s on th e 
f su rface o f the workpiece i s supposed to be removed "to 
iSpraficllep thTm^order to generate offset contours, first, it is 35 
necessary to generate the outmost offset contour 3 a. This 
outmost offset contour 3*fis~generaiea:at the pbsiuon which 
is offset from a pff j? n)fi^ 
ra^u^r^andjMsjun 

and ^jgpsjo_atool center line when the tool moves. 40 

Subsequendy, the second offset contour 32us a generated at 
the position which is offset from the outmost offset contour 
3a by an amount of preset depth of cut dr in the inside 
direction. Similarly, the 3rd, 4th, and 5th offset contours 3c, 
3d, anfl 3e_are respectively generated by repeatedly offse t- 
ting by the amount of depth of cut in the inside direction. 

FIG. 3 is a flowchart illustrating processes for generating 
offset contours in detail. 

Referring to FIG. 3, first, a variable k representing an 50 
offset contour number is initialed to 1 (step Sll). Then a 
preset part profile contour is offset by an amount of [tool 
radius+finishing allowance] in the inside direction (step 
S12). At this time whether an offset contour is obtained or 
not is determined (step S13). If not, then flow returns from 55 
this offset contour generation processes. On the other hand, 
if obtained, then the obtained offset contour is recorded into 
an offset contour table as the k-th offset contour, in this case, 
as the 1st offset contour (step S14). Thereby, the outmost 
path comprising a closed curve which aligns to the tool ^ 
center line is obtained along the part profile contour. 

Next, the k-th contour is read out from the offset contour 
table (step S15), and the read-out contour is offset by an 
amount of depth of cut in the inside direction (step S16). At 
this time, whether the offset contour is obtained or not is 65 
determined (step S17). If the offset contour is not obtained, 
flow returns from this offset contour generation processes. If 
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the offset contour is obtained, then the variable k is incre- 
mented by one (step S18) and the obtained offset contour is 
recorded in the offset contour table as the k-th offset contour 
(step S19). After that, flow returns to step SIS, and steps 
from SIS to S 19 are repeated for obtaining respective offset 
contours which ar e acquire d by repeatedly offsetting by the' 
amount of deptrTot cut in the Inside direction until 
becomes impossible to obtain any offset contour. 

In the offset contour table, a number identifying which the 
obtained offset contour is, and data of the various elements 
for providing the obtained offset contours are stored That is, 
if the obtained offset contour is a line, coordinates of the 
starting point and the end point thereof are stored in the 
table, and if a circ ular arc, coordinates of the starting poin t 
the end point, and the center point of the arc, data of radius 
and rotary direction, and a number indicating which the 
element of the offset contour is. 

After all the offset contours are obtained as mentioned 
above, flow advances to processes for generating a contour 
of insufficient cut portion. FIG. 4 is an illustrative drawing 
to show the processes when an insu fficient cut portion is 
detectetTand MG. $ Is an Illustrative drawing to show a state 
when a contours of an insufficient cut portion is generated. 

Especially, an insufficient cut portion caused at an acute- 
angled portion can be. defected by offsetting adjacent offset 
contours by an amount of tool radius among those offset 
contours which were sequentially generated by repea tedly 
offsetting by an amount of specihea aeptn ot cut, then 
synthesizing those contours obtained thereby. 

This is described in detail with reference to FIG. 4. 
Referring to FIG. 4, adjacent two offset contours, for 
example, the k-th offset contour 3 k and the (k-fl)-th offset 
contour 3^, are given and there is an acute-angled corner at 
a portion. First, a contour 4 0 is obtained by offsetting the 
inside offset contour 3 k+l by an amount of tool radius r in the 
outside direction, then a contour 4, is obtained by offsetting 
the outside offset contour 3* by an amount of tool radius r in 
the inside direction. To these contours 4 a and 4„ respective 
traveling directions are given. For example, the traveling 
directions of the contour 4 Q and contour 4 7 are directed to 
counterclockwise and to clockwise, respectively. The insuf- 
ficient cut portion is the area on which either and both two 
profiles according to contours 4 0 and 4, are not overlapped 
and in which the distance from the inside offset contour 3 M 
exceeds an amount of tool radius r. Specifically, the insuf- 
ficient cut portion is acquired by obtaining the area on which 
either and both two profiles are overlapped and obtaining the 
contour which has the defined direction same as that given 
to the contour 4 7 among these contours to generate an 
insufficient cut portion contour 5. F IG..5 shows a state when 
the insufficient cut potion contour 5 obtained as mentioned 
above is generated. In the illustrated example, the insuffi- 
cient cut portion contours 5 are produced at respective 
acute-angled corners. — 

FIG. 6 and FIG. 7 are flowcharts for illustrating processes 
for generating an insufficient cut portion contour in detail. 

Referring to FIG. 6 and FIG. 7, first, a variable k indi- 
cating an offset contour number is initialized to 1 (step S21). 
Next, the (k+l)-th offset contour 3^, is read out from the 
offset contour table (step S22). At this time, whether the 
offset contour 3 i+1 is read out or not is determined (step 
S23). If the offset contour 3 iM is not read out, then flow 
returns from the processes. If the offset contour 3 t+l is read 
out, a contour 4 0 is obtained by offsetting the read-out offset 
contour 3 k+l by an amount of tool radius r in the outside 
direction (step S24). Similarly, the k-th offset contour 3* is 
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read out from the offset contour table (step S25), and a 
contour 4, is obtained by offsetting the read-out offset 
contour 3* by the amount of tool radius r in the inside 
direction (step S26). Subsequently, the defined direction of 
the contour 4 Q is modified to counterclockwise (step S27), 
and the defined direction of the contour 4, is modified to 
clockwise (step S28). The flowcharts of FIGS. 6 and 7 are 
connected at points A and B. 

After that, those obtained two contours 4 0 and 4, are 
synthesized (step S29), and whether any insufficient cut 
portion contour (of any synthesized contour) is obtained or 
nor is determined (step S30). If any synthesized contour is 
obtained, then the synthesized contour and a number k as the 
contour information are recorded in the insufBcient cut 
portion contour table (step S31). If no synthesized contour 
is obtained, then step S31 is skipped. In such a way, the 
insufficient cut portion contour which exists between k-th 
offset contour 3* and the (k+l)-th offset contour 3^. Next, 
in order to check the contour of the insufBcient cut portion 
existing between the offset contour 3^ and the offset 
contour (k+1) is assigned to k (step S32) and flow 
returns to step S22. / 



this time, whether the i-th element is read out or not is 
determined (step S46). If the i-th element is not read out, 
(k- 1 ) is assigned to k (step S47), flow returns to step S42 and 
tool path outputting processes for the next outside offset 
contour are started. If the i-th element is read out in step S46, 
then the contour having the (k-1) contour information is read 
out from the insufBcient cut portion contour table, and the 
insufficient cut portion contour which is present between the 
(k-l)-th and k-th offset contours is read out (step S48). 

After that, the distance from the starting point of the i-th 
element to the insufficient cut portion contour which is 
previously read-out is obtained (step S49). Whether the 
obtained distance is equal or less than the amount of depth, 
of cut is determined (step SbOj. If the distance is equal or 
15 less than the amount of depth of cut, then the insufficient cut 
portion contour is outputted as a tool path (step S51). If the 
distance exceeds the amount of depth of cut, flow skips step 
S51, outputs the i-th element as a tool path (step S52), 
kerements i by 1 for th e next elementxh eck.fstep.S53). and 
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rcmmsjojtep <e S45p* w * s ^* 
f **Inthe illustrated example, the method of determiiung^too^ 
FIG. 8 is a flowchart illustrating a detail of processes for paths from thelnside to the outside is emmoYeZIhowever. 
synthesizing contours. Referring to FIG. 8, two profiles ot y tooTpaths mav be generated from toe outside tothe ' insi 
the obtained contours 4a and 4 7 are overlapped, the area m a trtr^Ji i?' 1 u J " 1 y m M v " » " ■■ " - . 

overlapped by these profiles are excluded, andconlours of 25 T^^^felock diagram of a hardware of an automatic 



the remaining area are obtained (step S291). Subsequently, 
among these obtained contours, only the contour having the 
clockwise defined direction is determined as a resultant 
synthesized contour (step S292). The synthesized contour 
acquired by this procedure is the insufficient cut portion 30 
contour which exists between k-th offset contour 3 k and 
(k+l>th offset contour 3^,. 

In addition to the profile data of the synthesized contour, 
as the contour information thereof, only k is recorded into 
the insufficient cut portion contour table. This means that the 35 
insufficient cut portion contour is detected between the k-th 
offset contour 3 t and (kfl)-th offset contour 3^ t , since 
insufficient cut portion contours are checked from the out- 
side tO the incjrfe .. _ 




FIG. 9 is an illustrative drawing to show a state when a 
tool path .is. nht afnpH _Rpfp^rig^tfY .pr^ q a ii the offset 
contours ^ 3fr Jte J$ dL3g^BdaH«&ej^^ 
a contours aremumaliyxoi itteiaed*^^ 
C > Accordingly, ma<^^ follows. That 

7 & aTboLJj^ anri..iLth r;.tnnJ 4 * 

1 encounters an insufficient cut portion contour, the tool shifts 
/ to the insufficient cut portion contour and traces around the 
/ contour once, then returns to the previous offset contour. 
( When the machining of this offset contour ends, the tool 
V shifts to the adjacent offset contour: Machining operations 
>>are performed as menti oned a bove. 

GTlO and FIG. IT are flowcharts each of which is 



illustrating a detail of tool .path outputting processes. The 
flowcharts of FIGS. 10 and 11 are connected at points C and 
D. ^ 

Referring to FIG. 10 and FIG. 11, first, the maximum 
number of recorded offset contours in the offset contour 
table is assigned to a variable k (step S41). Next, the k-th 
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offset contour is read out from the offset contour table (step go paper tape puncher 21 



programming appa 
tion. 

Referring to FIG. 12, the automatic programrning appa- 
ratus comprises a processor 11, a read only memory (ROM) 
12, a main memory (RAM) 13, a graphic control circuit 14, 
a display unit (15), a keyboard 16, a tablet 17, a hard disk 
drive (HDD) 18, a floppy disk drive (FDD) 19, a plotter 20 
and a printer/paper tape puncher (FTP) 21, and these com- 
ponents are mutually connected by means of a bus 10. 

The processor 11 controls the au tomatic, pro gramming 
apparatus in its entirety in accordance with a system pro- 
gram stored in the ROM 12. The main memory 13 stores a 
^B art profile contour and various machiriing c onditi ons se t 
wneri ;]arrarea rnacnuung memoajs unp^^erj^dran oUs^. 
contojff -table ^^^ rate^ in thc_cotirs e__ , QJELg3CjgM^uti the area" 
macrurung ' meuiSay' a J j^^^ rogra^r^e^gd for the area " 
iachining, etc. 

TWgrapruc control circuit 14 converts the display data 
>m the processor 11 to display signals, and supplies the 
isplay signals to the display unit 15 which displays a screen 
in response to the display signals. As the display unit 15, a 
cathode ray tube (CRT), a liquid crystal display, or the like 
may be employed. 

The keyboard 16 comprises operation keys used for 
inputting data, function keys, etc The tablet 17 is used for 
inputting data for profile information. 

The HDD 18 stores data such as prepared part programs 
which are required to be kept after power is turned off. The 
FDD 19 can read out a part program by driving a floppy disk 
19a and write a prepared or edited part program into the 
floppy disk 19a. 

The part program prepared by the automatic programing 
apparatus can be outputted to the plotter 20 and the printer/ 



S42). At this time, whether the offset contour is read out or 
not is determined (step S43). If the offset contour is not read 
out, flow returns from the processes. If read out, 1 is 
assigned to a variable i indicating the number of the element 
which comprises the offset contour (step S44). 

Subsequently, the i-th element of the offset contour read 
out from the offset contour table is read out (step S45). At 
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As mentioned above, in accordance with the present 
invention, when generating a tool path for area machining 
capab le of removing w ithin an specified optional area using 
an automatic rjrograniming apparatus, an insufficient cut 
portion contour is generated after generation of offset con- 
tours in advance. An offset contour is outputted as a tool path 
in principle. Near an insufficient cut portion contour, how- 
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vtver, the tool path is shifted to the insufficient cut portion 
contour. Thereby area machining without insufficient cut 

(portion becomes possible if any insufficient cut occurs in the 

ptagenpi generating offset contou rs. 

u ihe ioregoing is considered as illustrative only of the 5 
principles of the present invention. Further, since numerous 
modifications and changes will readily occur to those skilled 
in the art, it is not desired to limit the invention to the exact 
construction and applications shown and described, and 
accordingly, all suitable modifications and equivalents may 10 
be regarded as falling within the scope of the invention in the 
appended claims and their equivalents. 
What is claimed is: 

1. An area machining method of removing portions within 

a specified optional area in a workpiece, using an automatic 15 
programming apparatus comprising the steps of: 
setting a part profile contour and a plurality of machining 
conditions; 

obtaining an outmost offset contour which is offset from ^ 
said part profile contour by at least an amount of a tool 
radius in an inside direction, and obtaining a plurality 
of additional offset contours which are offset sequen- 
tially from said outmost offset contour by an amount of 
a depth of cut in the inside direction; ^ 

obtaining a plurality of insufficient cut portion contours 
each of which is produced between adjacent said plu- „ 
rality of offset contours and represents contours of 
uncut workpiece portions between said adjacent offset 
contours; and 30 

outputting a plurality of tool paths each of which connects 
between corresponding said adjacent offset contours 
and between each of said offset contours and each of 
corresponding said insufficient cut portion contours 
with a shortest distance, thereby removing said uncut 35 
workpiece portions. 

2. An area machining method according to claim 1, 
wherein said step of obtaining said offset contours further 
includes a step of storing said obtained offset contours into 

an offset contour table. 40 

3. An area machining method according to claim 1, 
wherein said step of obtaining said insufficient cut portion 
contours further includes steps of obtaining a first contour 
and a second contour, the first and the second contours 
obtained by offsetting from a given offset contour by an 45 
amount of a tool radius in an outside and the inside direction, 
respectively, specifying a defined direction of said first 
contour as a first direction, specifying a defined direction 
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opposite to said first direction of said second contour direc- 
tion as a second direction, obtaining contours of a portion 
from which areas overlapped by said first or second contour 
are excluded, and determining, among the obtained con- 
tours, only the contour whose defined direction is said 
second direction as an insufficient cut portion contour. 

4. An area niachining method according to claim 1, 
wherein said step of obtaining said insufficient cut portion 
contours comprises obtaining first an insufficient cut portion 
contour from an area between an outmost offset contour and 
the next offset contour adjacent to said outmost offset 
contour, then obtaining subsequent insufficient cut portion 
contours in sequence from an outside to the inside direction. 

5. An area machining method according to claim 3, 
wherein the first direction specifying the defined direction of 
said first contour is counterclockwise, and the second direc- 
tion specifying the defined direction of said second contour 
is clockwise. 

6. An area machining method according to claim 1, 
wherein said step of obtaining said insufficient cut portion 
contours further includes a step of storing said insufficient 
cut portion contours into an insufficient cut portion contour 
table. 

7. An area machining method according to claim 1, 
wherein said step of outputting said tool paths comprises 
outputting a tool path between an inmost one of said offset 
contours and one of said insufficient cut portion contours or 
another one of said offset contours, said one insufficient cut 
portion contour and said one offset contour located outside 
of or adjacent to said inmost offset contour, then outputting 
subsequent tool paths in sequence from the inside to an 
outside direction. 

8. An area machining method according to claim 1, 
wherein said step of outputting said tool paths further 
includes a step of obtaining a path such that a distance 
between each of start points of elements comprising each of 
said offset contours and a corresponding one of said insuf- 
ficient cut portion contours becomes shortest. 

9. An area machining method according to claim 8, 
wherein said step of obtaining the shortest paths further 
comprises outputting a tool path between said each of 
element starting points and corresponding insufficient cut 
portion contour when said distance between each of element 
start points and corresponding insufficient cut portion con- 
tours does not exceed an amount of depth of cut. 

***** 
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